The talk covers a qualitatively new turbulence theory resting on early ideas of A. N. Kolmogorov and L. Landau during the Kazan seminars [7] . This theory predicts (e.g.) for infinitely high Reynolcs number von Karman's constant as 1/ √ 2π= 0.399 whereas Princeton's superpipe recently re-confirmed the international standard value as 0.40 +/-0.02 [1] . This theory has been further developed to cope with the problems of finite viscosity and non-Newtonian fluids wherein the following characteristic length scales are relevant:
Introduction
While the behavior of Eulerian fluids under turbulent conditions is well understood in the meantime [3] , this is not the case for Newtonian and still less for non-Newtonian fluids. Shear-thickening (dilatant) fluids exhibit increased viscosity upon increased shear stress. Their manufacturing is often strongly controlled by turbulence characteristics like the energy-containing length scale, L, and a corresponding time scale or, equivalently, by corresponding wavenumber and frequency. These two parameters may be tuned independently by modifying geometry or/and rotation rate of the equipment preparing or using such fluids.
With respect to its hydrodynamical aspects the degree of homogeneity of a fluid may be characterized by (among other features) Kolmogorov's microscale, λ K . For material dissolved within the fluid it is generally assumed that the smaller its value, the lower what we may call its 'temporary graininess'. The latter means here the size of fluid regions within which concentrations significantly deviate for some time from the concentration in the ambient fluid. The a.m. microscale, λ K , may serve as a spatial proxy of such hydrodynamic graininess of dissolved materials.
The situation is much more difficult in dispersions. However, also here the microscale λ K matters when ρ → O(1) and r → O (1) such that the scale ratios affect the turbulent state of the fluid as well as the setup of colloidal aggregates and thus modify their physico-chemical functions.
For a colloidal fluid under turbulent conditions, Kolmogorov's microscale λ K is a most important characteristic because if λ K is in the scale size of the dispersed phase of the colloid or their TOPICAL PROBLEMS OF FLUID MECHANICS 9 _______________________________________________________________________ DOI: http://dx.doi.org/10.14311/TPFM.2016.002 superstructure, respectively, then the vortices will interact with the dispersed phase and/or their superstructure 1 . According to Kolmogorov, λ K follows
Here the flux ϵ is dissipated by the smallest feasible eddies at scale λ K into heat; ν is the kinematic viscosity. In non-Newtonian, colloidal dispersions the internal interactions between different fluid-mechanical and colloidal variables are subtle In addition to the (until recently) limited understanding of turbulence they represent a significant extra challenge. The arts of hydraulics and mixing processes, the targeted treatment of advanced dispersions or suspensions in agriculture and food processing are well known in form of phenomenologies (oral history, alchemistry, cook-book receipes) since more than thousands of years.
With the advent of modern physics and of more general physical fluctuation theories like generalized Brownian motions, Langevin processes and Fokker-Planck equations a more systematic statistical treatment of turbulence could be initiated by Andrej N. Kolmogorov (1903 Kolmogorov ( -1987 and his unique school.
This school namely initiated a breakthrough in the understanding of turbulence but was misunderstood or simply forgotten because it took place at an inter-disciplinary seminar during the January wartime days of 1942 in the city of Kazan/USSR whereto the Academy of Sciences has been evacuated. In addition to Kolmogorov who played the role of a conductor, the physicists Pjotr L. Kapitza and Lev D. Landau participated and the mathematician Alexander M. Obukhov as well. The summary report was written by Kolmogorov [7] , accompanied by relevant remarks by Landau.
Namely Landau's view of turbulence, expressed in connection with the Kazan seminar, may loosely be interpreted as an entangled ensemble of spatially distinct, individual vortices in autonomous motions and local interactions, just as it has been postulated independently much later in form of a particle theory of turbulence [2, 3] .
Non-Newtoninan fluids and turbulence
As long as the flow of a non-Newtonian fluid is laminar, consequences of external controls on the kinematic viscosity remain more or less predictable [13] . This is going to be changed when the flow becomes critical and eventually turbulent. In this case the distinctive turbulent scales as well as the 'inner' scales of the dispersion/emulsion (L, λ 0 , λ K , λ i ) get statistical chances to interact.
The non-Newtonian behavior of colloidal dispersions/emulsions and suspensions, especially the shear-thickening (dilatant) behaviour which can very often be observed, is the object of broad research work [cf. 4, 5, 10] . However, several aspects are widely overlooked or ignored: first the fact, that colloidal dispersions and emulsions exhibit a complex 3-dimensional inner structure [13] which plays a role in shear thickening [8] ; then the fact that colloidal systems are generated under thermodynamically non-equilibrium conditions which means that they can not be treated as if 'close to equilibrium' (which most authors do, e.g. [10] ; last but not least the fact that quasi-turbulent flow can not describe the behaviour under turbulent conditions.
Even the Reynolds number in non-Newtonian fluids looses much of its classical meaning. Traditionally it is defined as the dimensionless ratio of inertial to viscous forces,
where U is a velocity scale for the mean flow, L a characteristic (outer) length scale (e.g. a distance from a solid wall or body) and ν is the kinematic viscosity. This means that Re depends linearly on the macroscopic state of flow via the r.m.s. velocity, U . However, if also ν depends on the flow state then things become more difficult.
Relatively simple classes of smart fluids are the so-called shear-thickening (dilatant) and the shear-thinning (pseudoplastic) fluids. In the former case viscosity increases with increasing shear rate so that the fluid becomes 'thicker'. The most prominent example is the fluid in body-armor wests of policemen. Certain water-sand mixtures may behave in similar form. Prominent examples for shear-thinning fluids are lava, blood and whipped cream, and namely the notorious quicksand. In all these cases the turbulent state is understood (if at all) only in an empirical sense.
It is reasonable to assume that shear-thickening is caused by a dynamically evolving, highly complex 3D
2 network of dispersed particles/droplets in nanoscale up to the extreme situation that pumps can even be blocked (and destroyed) by a sudden solidification of the colloidal liquid [Wessling, personal lab experience] or the transformation of a colloidal liquid into a gel [14, 15] . The kinematic viscosity of many non-Newtonian fluids may be described as a power-law function of local shear rate, S, by the following slightly generalized Ostwald-de-Waele ansatz, wherein ν 0 = ν 0 (T ) and γ = γ(T ) are (generally temperature-dependent) empirical parameters: 
Turbulent Kinetic Energy (TKE)
Turbulent Kinetic Energy (TKE) presents itself in form of smooth, continuous wavenumber spectra. The total TKE is thus the integral over the relevant range in wavenumber and/or frequency space.
In the general case the total, spectrally integrated turbulent kinetic energy is given as follows:
Here the values k 0 and k K denote the integration limits for the inertial ('Kolmogorov') spectral range. They will be discussed further below. Within the inertial ('Kolmogorov') range the wavenumber spectrum is universal and follows the 5/3 law. Not so for small and high wavenumbers where specific semi-empirical laws apply (the dimenesionless functions f 1 and f 2 , respectively). Therefore the general wavenumber spectrum is written as follows:
Note that f 2 , responsible for the smallest scales, essentially depends on the Reynolds number, ρ, while f 1 , responsible for large forcing scales, does not. For the case ρ = ∞ we have f 2 (k, ∞) = 1 and it has been shown [Baumert 2013 ] that α = Figure 2 shows two spectra in dimensionless form,
Spectral ranges
where the following limiting wavenumbers or length scales may be distinguished:
(i) The lower bound, k 0 = 2π/λ 0 , of the so-called inertial (or Kolmogorov) subrange; the range 0 ≤ k < k 0 covers chaotic, quasi-periodic motions situated still outside the 'inertial subrange'. Here turbulent mixing is weak because the specific mechanisms of the proper inertial range
(ii) The so-called energy-containing length-scale, L, and wavenumber k L , sort of weighted mean of the inertial subrange.
(iii) The Kolmogorov microscale λ K , with the property λ K ≤ λ 0 and the corresponding wavenumber k K = 2π/λ K . It is related with the kinematic viscosity ν and the dissipation rate ϵ of turbulent kinetic energy via (1).
In the ideal inviscid case, ρ = ∞, we have k K = ∞ and the integral in (4) reads as follows [Baumert 2013 ],
and it can be shown that
This holds for ρ = ∞ only. 4 Box model for a stirred vessel, ρ < ∞ Without too much loss of generality we apply here a simple quasi-homogeneous box concept. In particular we follow Baumert (2013) and write for the stirred, turbulent core of the vessel
Here ν t = K/(π Ω) is the isotropic eddy viscosity; S = ⟨S 2 e ⟩ 1/2 is the effective (r.m.s.) shear rate of the mechanical stirring process, and
is the dissipation rate of small-scale mechanical energy within the vessel's core. Ψ is discussed below. While equation (11) has the simple steady-state solution
not so equation (10) which knows only growing solutions for a is stationary Ω. This can easily be seen when we insert ν t and ϵ from above together with (13) in (10) . Obviously the resulting differential equation has a stationary solution K = K if and only if
Note that at the same time holds ϵ = Ψ. Within our box mocel concept, the TKE loss term Ψ describes the wall friction outside the core region of the vessel.
Microscale bifurcation
For finite ρ we integrate (5) in the sense of (4) and get
This result we insert together with (13) in (12) and get after some algebra
where
Now (16) can be inserted into (1) to give the following implicit relation for the Kolmogorov scale, λ K :
For the numerical treatment of (18) the following identical presentation is more comfortable: 
Discussion
The meaning of (19) is most easily understood by highlighting input and output variables and assuming mechanical stirring:
• The shear frequency, S, is controlled by the rotation speed of (e.g.) the propeller(s) used to stir the vessel. I.e. for the solution of (19), S is thus a given, prescribed input quantity.
• The longest turbulent length scale λ 0 is controlled by geometry (e.g. radius, length of stirring propeller etc.) and represents also a given, prescribed input quantity.
• The microscale λ K however is not given. It is the dynamic relaxation result of the forcing and thus an output quantity.
As we see in Figure 3 , for a given length scale λ 0 (i.e. along a chosen curve), each admissible shear value S allows for two values of the microscale, λ K : Figure 4 : Industrial vessel system example wherein issues discussed in the talk are critical, and wherein new construction systems had been implemented which avoid those shear rates under which the emulsions behave in a chaotic way.
(a) The upper value is associated with the strangling of turbulence due to the close proximity of λ K and λ 0 . This proximity does not leave enough space for a developed turbulence spectrum (in the narrow sense). Note that λ 0 represents a turbulence characteristic which does not directly affect the colloidal structure which was present under laminar or under no-flow conditions and reflects the non-equilibrium character of dispersions / emulsions.
(b) The (mostly much) lower value of λ K represents a turbulence which strongly affects (and will seriously influence) the original colloidal structure and reflects the non-equilibrium character of dispersions / emulsions. Unfortunately nature gives no stability guarantee for this state because there exists the alternative of a strangeled spectrum as discussed above und (a).
